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IMPORTANCE Bystander cardiopulmonary resuscitation (CPR) significantly improves survival 
from out-of-hospital cardiac arrest but is provided in less than half of events on average. 
Telephone CPR (TCPR) can significantly increase bystander CPR rates and improve clinical 
outcomes. 

OBJECTIVE To investigate the effect of a TCPR bundle of care on TCPR process measures and 
outcomes. 

DESIGN. SETTING. AND PARTICIPANTS A prospective, before-after, observational study of 
adult patients with out-of-hospital cardiac arrest not receiving bystander CPR before the 9-1-1 
call between October 1, 2010, and September 30, 2013. 

INTERVENTIONS A TCPR program, including guideline-based protocols, telecommunicator 
training, data collection, and feedback, in 2 regional dispatch centers servicing metropolitan 
Phoenix, Arizona. Audio recordings of out-of-hospital cardiac arrest calls were audited and 
linked with emergency medical services and hospital outcome data. 

MAIN OUTCOMES AND MEASURES Survival to hospital discharge and functional outcome at 
hospital discharge. 

RESULTS There were 2334 out-of-hospital cardiac arrests (798 phase 1 [PI] and 1536 phase 2 
[P2]) in the study group; 64% (1499) were male, and the median age was 63 years (age 
range, 9-101 years; interquartile range, 51-75 years). Provision of TCPR increased from 43.5% 
in PI to 52.8% in P2 (P < .001), yielding an increase of 9.3% (95% Cl, 4.9%-13.8%). The 
median time to first chest compression decreased from 256 seconds in PI to 212 seconds in 
P2 (P < .001). All rhythm survival was significantly higher in P2 (184 of 1536 [12.0%]) 
compared with PI (73 of 798 [9.1%]), with an adjusted odds ratio (aOR) of 1.47 (95% Cl, 
1.08-2.02; P = .02) in a logistic regression model and an adjusted difference in absolute 
survival rates (adjusted rate difference) of 3.1% (95% Cl, 1.5%-4.9%). Survival for patients 
with a shockable initial rhythm significantly improved in P2 (107 of 306 [35.0%]) compared 
with PI (42 of 170 [24.7%]), with an aOR of 1.70 (95% Cl, 1.09-2.65; P = .02) and an adjusted 
rate difference of 9.6% (95% Cl, 4.8%-14.4%). The rate of favorable functional outcome was 
significantly higher in P2 (127 of 1536 [8.3%]; 95% Cl, 6.9%-9.8%) than in PI (45 of 798 
[5.6%]; 95% Cl, 4.1%-7.5%), with an aOR of 1.68 (95% Cl, 1.13-2.48; P = .01) and an adjusted 
rate difference of 2.7% (95% Cl, 1.3%-4.4%). 

CONCLUSIONS AND RELEVANCE Implementation of a guideline-based TCPR bundle of care 
was independently associated with significant improvements in the provision and timeliness 
of TCPR, survival to hospital discharge, and survival with favorable functional outcome. 
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O ut-of-hospital cardiac arrest (OHCA) is a major public 
health problem in the United States. 1 Successful re¬ 
suscitation requires a synchronized set of interdepen¬ 
dent rescuer actions (the “chain of survival”), of which the ini¬ 
tial links are immediate recognition of cardiac arrest and 
activation of the emergency response system, early cardio¬ 
pulmonary resuscitation (CPR) with an emphasis on chest com¬ 
pressions, and rapid defibrillation. 2 Bystander CPR (BCPR) has 
been shown to double or even triple survival from OHCA. 3 " 7 
Despite decades of public CPR training, in most communities 
fewer than half of all individuals with cardiac arrest receive any 
BCPR, and bleak survival rates persist. 8 In response, both the 
American Heart Association 2,9 and the Institute of Medicine 10 
have emphasized the importance of telecommunicators (9- 
1-1 call takers and dispatchers) identifying cardiac arrest and 
assisting lay rescuers in providing BCPR to improve survival. 

The objective of this study was to investigate the effect of 
implementing a bundle of care, including a guideline-based 
telephone CPR (TCPR) protocol, interactive telecommunica¬ 
tor training, detailed data collection with 9-1-1 call auditing, 
and telecommunicator feedback for OHCA, in 2 regional 
dispatch centers serving metropolitan Phoenix, Arizona. We 
hypothesized that this implementation would be associated 
with (1) an increase in TCPR rates, (2) a decreased time to 
first chest compression, and (3) an increased likelihood of 
survival to hospital discharge and favorable functional 
outcome. 


Methods 

Arizona has 6.7 million residents and is composed of 15 coun¬ 
ties with urban, suburban, rural, and wilderness areas. 11 In 
2004, the Arizona Department of Health Services, in conjunc¬ 
tion with The University of Arizona, emergency medical ser¬ 
vices (EMS) agencies, and hospitals in the state, created the 
Save Hearts in Arizona Registry and Education (SHARE) pro¬ 
gram. SHARE was designed to measure the incidence of OHCA 
and the effect of public, EMS, and hospital resuscitation 
interventions. 12 This program and its results have been pre¬ 
viously described in detail. 4,12 ' 18 

Because OHCA has been designated a major public health 
problem in Arizona and because the objective of the SHARE 
program is to improve resuscitation quality and increase sur¬ 
vival, the data collected were exempt from the Health Insur¬ 
ance Portability and Accountability Act. Permission to pub¬ 
lish the deidentified patient, 9-1-1 center, EMS agency, and 
hospital data was obtained from the Arizona Department of 
Health Services’ Human Subjects Review Board and The Uni¬ 
versity of Arizona Institutional Review Board. The project is 
registered at clinicaltrials.gov (NCT01999036). 

Because this project was foremost a public health quality 
improvement effort, 2 regional dispatch centers were 
selected because they collectively serve 30 incorporated dis¬ 
tricts in the metropolitan Phoenix area and cover approxi¬ 
mately two-thirds of Arizona’s population. Phase 1 (PI) was 
from October 1, 2010, through November 6, 2011, in one cen¬ 
ter and from February 1, 2011, through March 14, 2012, in the 


Key Points 

Question Was implementation of a guideline-based bundle of 
telephone cardiopulmonary resuscitation (CPR) care associated 
with increased survival to hospital discharge and favorable 
functional outcome after out-of-hospital cardiac arrest? 

Findings In this prospective, before-after, observational study, 
survival to hospital discharge and favorable functional outcome 
increased significantly from 9.1% to 12.0% and from 5.6% to 8.3%, 
respectively. 

Meaning Guideline-based telephone CPR programs can help 
communities improve patient outcomes after out-of-hospital 
cardiac arrest. 

other center. The respective phase 2 (P2) start dates were 
November 7, 2011, and March 15, 2012. Phase 2 ended Sep¬ 
tember 30, 2013, in both centers. The PI and P2 periods 
started on different dates in the centers because of adminis¬ 
trative and logistic constraints encountered in implementing 
the intervention. 

Study Population 

This study was a prospective, before-after, observational analy¬ 
sis of patients with OHCA entered into the SHARE database. 
The study population (Figure) was composed of patients with 
an EMS-treated, non-EMS-witnessed OHCA of nontraumatic 
origin. Cases were excluded if patients showed evidence of ob¬ 
vious death or had do not resuscitate orders. Incidents in medi¬ 
cal facilities (eg, physician’s office or nursing home) and inci¬ 
dents in which CPR was started before telecommunicator 
instructions were also excluded. In addition, calls with incom¬ 
plete or fragmented audio were excluded from the TCPR pro¬ 
cess analysis. Calls in which CPR was started before telecom¬ 
municator instructions were not excluded for the comparison 
of BCPR rates between PI and P2. Bystander CPR was consid¬ 
ered started if compressions were documented in either TCPR 
or EMS data. 

Intervention 

The TCPR program was designed as a statewide effort to mea¬ 
sure and improve the process of TCPR. Because roughly two- 
thirds of the state’s population (approximately 4 million citi¬ 
zens) reside in metropolitan Phoenix, 19 the formal data linkage 
(9-1-1 to EMS to hospital) and evaluation were focused here. 
The data for this region come from 2 public 9-1-1 emergency 
medical dispatch centers, 30 EMS agencies, and 22 cardiac re¬ 
ceiving centers. The dispatch centers had provided prearrival 
CPR instructions to callers reporting potential OHCAs; how¬ 
ever, they had not yet adopted guideline-based recommen¬ 
dations for identifying cardiac arrest, training, or quality im¬ 
provement before the intervention. The intervention was a 
comprehensive bundle of care based on the latest American 
Heart Association 9 guidelines for TCPR (http://azdhs.gov 
/azshare/911/index.htm). The bundle included novel protocols, 
training modules, case and system-level data collection, 
reporting, and feedback to individual health care professionals. 
The protocols call for (1) compression-only CPR for adult arrests 
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Figure. Study Population Profile 



BCPR indicates bystander cardiopulmonary resuscitation; CPR, cardiopulmonary resuscitation; PI, phase 1; and P2, phase 2. 


of presumed cardiac origin and (2) compressions with rescue 
breaths for all other arrests. 9 The protocols direct telecommu¬ 
nicators to ask the following 2 questions as early as possible: 
(1) “Is the patient conscious?” and (2) “Is the patient breathing 
normally?” If the answer to both is no, then telecommunica¬ 
tors are advised to start TCPR instructions immediately. Live and 
web-based teaching modules trained approximately 250 tele¬ 
communicators, focusing on early arrest recognition, identify¬ 
ing agonal breathing (gasping), and starting prompt, assertive, 
and continuous TCPR instructions until professional rescuers 
assume care (http://ow.ly/Ui7E8). For the quality improvement 
aspect of the intervention, OHCA calls were audited, and system- 
level performance reports were provided on key process 
measures. The 9-1-1 center supervisors provided case-level 
feedback to individual telecommunicators on calls if coaching 
was needed. There were no other system-wide interventions to 
improve EMS or hospital resuscitation care during the TCPR 
intervention. 

Main Outcome Measures 

The main outcome measures were survival to hospital dis¬ 
charge and favorable functional outcome at hospital dis¬ 
charge. Secondary outcomes consisted of the 6 key TCPR 
process measures (described below) and a comparison of TCPR 
and overall BCPR rates between PI and P2. 

9-1-1 Data 

The investigators developed a web-based data collection tool 
to capture relevant information on the telecommunicator to 
bystander interaction (eAppendix in the Supplement). This call 
review and data collection process has been reported in 
detail. 20 Audio recordings of cardiac arrest calls were col¬ 
lected from 2 regional 9-1-1 centers serving the metropolitan 
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Phoenix area. These recordings were matched to EMS- 
confirmed OHCA reports through case-specific identifiers, such 
as incident number, incident location, and date and time of the 
call. Patient outcomes were obtained directly from participat¬ 
ing hospitals or from the Arizona Office of Vital Records. In¬ 
cident information is entered into the 9-1-1 dispatch centers’ 
medical computer-aided dispatch systems for telecommuni¬ 
cators to assign emergency response units according to the na¬ 
ture of the call. Calls are assigned specific cardiac arrest codes 
when patients are recognized as not conscious and not breath¬ 
ing or not breathing normally. 

Quality improvement evaluators were formally trained in 
a call evaluation process that resulted in strong interrater agree¬ 
ment on 6 key performance metrics reported in this study. 
These included (1) percentage of TCPR-indicated calls in which 
the telecommunicator recognized the need for TCPR, (2) per¬ 
centage of TCPR-indicated calls in which the telecommunica¬ 
tor started TCPR instructions, (3) percentage of TCPR- 
indicated calls in which bystanders started TCPR, (4) interval 
from call receipt until the telecommunicator recognized the 
need for TCPR, (5) interval from call receipt until start of TCPR 
instructions, and (6) interval from call receipt until the 
bystander performed the first chest compression. 20 

The need to perform CPR was indicated in the audio re¬ 
cordings when it was determined the patient was not con¬ 
scious and was not breathing normally. Not breathing nor¬ 
mally was defined as the caller describing either complete 
absence of breathing, agonal breathing, or a rapid or slow re¬ 
spiratory rate. Evaluator identification of audible agonal 
breaths during audio recording review was considered not 
breathing normally. Telecommunicator recognition of the need 
for TCPR was indicated when he or she used any of several key 
terms in the context of providing CPR instructions (eg, “CPR,” 
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“chest compressions,” and “compressions”). Cardiopulmo¬ 
nary resuscitation instructions were defined as any portion of 
telecommunicator to bystander communication that de¬ 
tailed the delivery of chest compressions, rescue breaths, or 
both. Performance of TCPR was defined as any chest compres¬ 
sions delivered to the individual in response to TCPR instruc¬ 
tions. If ventilations occurred without chest compressions, this 
occurrence was not counted as TCPR started. 

EMS Data 

Emergency medical services data were prospectively col¬ 
lected and entered into an existing Utstein-style database re¬ 
flecting standardized international guidelines for the collec¬ 
tion and reporting of OHCA data. 4,12,13 Data elements include 
sex, age, location of arrest, bystander-witnessed arrest, pre¬ 
sumed etiology of arrest, EMS dispatch to scene arrival (re¬ 
sponse) interval, whether BCPR was provided, initial prehos¬ 
pital electrocardiographic rhythm, type of EMS protocol 
(minimally interrupted cardiac resuscitation vs conventional 
basic life support/advanced cardiac life support), prehospital 
intubation, whether the patient was transported to a cardiac 
receiving center, and clinical outcomes. 

Hospital Data 

The process for linking EMS and hospital postarrest data 
has been previously described in detail. 17 Data are cross- 
referenced between the first responding fire-based EMS, pri¬ 
vate ambulance transport agencies, and the Arizona Cardiac 
Receiving Center Database. 4 - 13 ' 17 Outcome data were cross- 
referenced with the Arizona Hospital Discharge Database and 
the Arizona Office of Vital Records. Favorable functional out¬ 
come was defined through an in-person interview as a Cere¬ 
bral Performance Category score of 1 (good cerebral perfor¬ 
mance) or 2 (moderate cerebral disability at hospital 
discharge). 21 

Statistical Analysis 

Continuous variables were summarized by the median and 
range and were compared between the 2 periods (PI vs P2) 
using the Wilcoxon rank sum test. Categorical variables were 
summarized by the frequency and proportion with 95% Clop- 
per-Pearson CIs and were compared between the 2 periods by 
either thex 2 test or Fisher exact test. Logistic regression mod¬ 
els were used to compare the survival rates and the rates of 
favorable functional outcome between the 2 periods, while ad¬ 
justing for potential confounders. Random effects for the EMS 
agencies were included in the models to account for any 
correlation between individuals cared for by the same EMS 
agency. The effect of the continuous variable age in the logis¬ 
tic regression models was examined nonparametrically using 
penalized thin plate regression splines through the general¬ 
ized additive model and the Akaike information criterion. The 
logistic regression model was fitted for all individuals, as well 
as the subgroup with a shockable initial rhythm. Adjusted rate 
difference (aRD) in any event rates between PI and P2 was es¬ 
timated by averaging the predicted difference in event prob¬ 
abilities (P2 vs PI) across all patients using the fitted logistic 
model, and a 95% Cl for the aRD was obtained by the bias- 


corrected and accelerated bootstrap approach. In the process 
analysis, the proportion of calls with telecommunicator rec¬ 
ognition of the need for TCPR with TCPR instructions given 
or with compressions started was compared between the 2 pe¬ 
riods. To compare the time to (1) telecommunicator recogni¬ 
tion of the need for TCPR, (2) start of TCPR instructions, and 
(3) first compression, the generalized log-rank test 22 was used 
to compare interval-censored and right-censored data. The 
software environment R 23 and the R packages gamm4, 24 
interval, 25 and Icens 26 were used for the analysis. All tests were 
2-sided with a = .05. 


Results 

There were 2334 OHCAs (798 PI and 1536 P2). Sixty-four per¬ 
cent (1499 of 2334) of the participants were male. The 
median age of participants was 63 years (age range, 9-101 years; 
interquartile range, 51-75 years). Inclusion and exclusion cri¬ 
teria are shown in the Figure. Table 1 lists outcome measures 
and sample characteristics stratified by PI and P2. Phase 2 had 
higher rates of sustained return of spontaneous circulation 
(P < .001), survival (P = .045), and favorable functional out¬ 
come (P = .03). The other sample characteristics were similar 
between PI and P2 with the exception of location of arrest and 
prehospital intubation. 

Survival was higher in P2 (12.0%; 95% Cl, 10.4%-13.7%) 
than PI (9.1%; 95% Cl, 7.2%-11.4%) (P = .045), yielding a crude 
(unadjusted) rate difference of 2.8% (95% Cl, 0.3%-5.4%) and 
a crude odds ratio (cOR) of 1.35 (95% Cl, 1.02-1.80). After con¬ 
trolling for potential confounders and risk measures (Table 2), 
the logistic regression model identified a significantly higher 
odds of survival in P2 compared with PI (adjusted odds ratio 
[aOR], 1.47; 95%CI, 1.08-2.02;P = .02) and higher survival rate 
in P2 (aRD, 3.1%; 95% Cl, 1.5%-4.9%). The same was true for 
the rate of favorable functional outcome in P2 (8.3%; 95% Cl, 
6.9%-9.8%) vs PI (5.6%; 95% Cl, 4.1%-7.5%) (P = .03), with a 
cOR of 1.50 (95% Cl, 1.05-2.13), crude rate difference of 2.6% 
(95% Cl, 0.5%-4.8%), aOR of1.68 (95% Cl, 1.13-2.48), and aRD 
of 2.7% (95% Cl, 1.3%-4.4%) (P = .01). The analysis of pa¬ 
tients with a shockable initial rhythm also showed significant 
improvement in P2 vs PI: survival was 35.0% (107 of 306) vs 
24.7% (42 of 170), with an aOR of 1.70 (95% Cl, 1.09-2.65; 
P = .02) and an aRD of 9.6% (95% Cl, 4.8%-14.4%), and the rate 
of favorable functional outcome was 28.8% (88 of306) vs 17.1% 
(29 of 170), with an aOR of 2.13 (95% Cl, 1.28-3.56; P = .004) 
and an aRD of 11.9% (95% Cl, 4.7%-17.4%) (Table 3). A linear 
age effect was satisfactory in all 4 logistic regression models, 
and model discrimination was satisfactory, with the area un¬ 
der the receiver operating characteristic curve based on fixed 
effects only ranging from 70% to 85%. We conducted a sensi¬ 
tivity analysis of fitting all 4 models reported in Tables 2 and 
3 without the “patient transported to a cardiac receiving cen¬ 
ter” variable. There was no notable difference in both the pa¬ 
rameter estimates and the P values for all models. Table 4 com¬ 
pares the TCPR process measures between PI and P2. The 
proportion with TCPR started (both instructions and compres¬ 
sions) increased significantly from PI (43.5% [321 of 738]) to 
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Table 1. Patient Characteristics and Clinical Outcomes by Phase 


Phase 3 



Variable 

PI 

(n = 798) 

P2 

(n = 1536) 

P Value" 

Patient characteristics 

Sex, No. (%) 

Male 

512 (64.2) 

987 (64.3) 


Female 

286 (35.8) 

549 (35.7) 


Age, median (range), y 

63 (14-99) 

63 (9-101) 

.85 

Location of arrest, No. (%) 

Residential 

713 (89.3) 

1339 (87.2) 


Public 

80 (10.0) 

192 (12.5) 

.09 

Unknown 

5 (0.6) 

5 (0.3) 


Bystander-witnessed arrest, No. (%) 

No 

540 (67.7) 

1049 (68.3) 


Yes 

258 (32.3) 

480 (31.3) 

.68 

Unknown 

0 

7 (0.5) 


Presumed etiology of arrest, No. (%) 

Cardiac 

774 (97.0) 

1489 (96.9) 


Drowning 

6 (0.8) 

8 (0.5) 


Drug/alcohol overdose 

10(1.3) 

23 (1.5) 

.83 

Respiratory 

8(1.0) 

13 (0.8) 


Unknown 

0 

3 (0.2) 


Prehospital intubation, No. (%) 

No 

276 (34.6) 

648 (42.2) 


Yes 

522 (65.4) 

888 (57.8) 


Shockable initial rhythm, No. (%) 

No 

628 (78.7) 

1230 (80.1) 


Yes 

170 (21.3) 

306 (19.9) 


Sustained return of spontaneous circulation, No. (%) 

No 

602 (75.4) 

1028 (66.9) 


Yes 

190 (23.8) 

458 (29.8) 

<.001 

Unknown 

6 (0.8) 

50 (3.3) 


Patient transported to cardiac receiving center, No. (%) 

No 

343 (43.0) 

660 (43.0) 

> QQ 


Yes 

455 (57.0) 

876 (57.0) 


Abbreviations: EMS, emergency 

EMS dispatch to scene arrival time, median (range), min 

5 (1-604) 

5(1-166) 

.10 

Clinical outcomes 




P2, phase 2. 

Survival, No. (%) 




3 Count (percentage) for categorical 

Died 

725 (90.9) 

1352 (88.0) 

.045 

variables and median (range) for 
continuous variables. 

b Fisher exact test or x 2 test for 
categorical variables and Wilcoxon 
rank sum test for continuous 

Lived 

73 (9.1) 

184 (12.0) 

Cerebral performance category at discharge, No. (%) 




Good, 1 or 2 

45 (5.6) 

127 (8.3) 


Poor, 3-5 

744 (93.2) 

1398 (91.0) 

.03 

variables. The unknown category, if 


,, i n 11 /r\ present, is excluded from the 

Unknown 9 (1.1) 11 (0.7) 

_ testing procedure. 


P2 (52.8% [746 of 1412]) (P < .001), yielding an RD of 9.3% (95% 
Cl, 4.9%-13.8%) and an OR of 1.51 (95% Cl, 1.26-1.82). The time 
to the beginning of TCPR instructions was reduced in P2 com¬ 
pared with PI (median, 179 vs 205 seconds; P = .004), as was 
the time to first compression (median, 212 vs 256 seconds; 
P < .001). 

The BCPR rate was analyzed on a sample of 2755 (adding 
in the 421 individuals who had CPR started before telecom¬ 
municator instructions were given but met all other inclu¬ 
sion criteria of the main analysis). The results showed that CPR 


was received before EMS arrival in 592 of 958 (61.8%) indi¬ 
viduals in PI compared with 1200 of1797 (66.8%) individuals 
in P2, yielding an RD of 5.0% (95% Cl, 1.2%-8.8%) (P = .006). 


Discussion 

Out-of-hospital cardiac arrest is a leading cause of death in the 
United States and is among the most time-sensitive medical 
emergencies. 1 Cardiopulmonary resuscitation is a simple, life- 
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Table 2. Fitted Logistic Regression Model for Survival and Favorable Functional Outcome 



Survival 


Favorable Functional Outcome 

Variable 

OR (95% Cl) 

P Value 

OR (95% Cl) 

P Value 

Phase 

PI 

1 [Reference] 

.02 

1 [Reference] 

.01 

P2 

1.47 (1.08-2.02) 

1.68 (1.13-2.48) 

Sex 

Male 

0.73 (0.54-0.99) 

.046 

0.71 (0.48-1.04) 

.08 

Female 

1 [Reference] 

1 [Reference] 

Age, 1-y increase 

0.98 (0.97-0.99) 

<.001 

0.98 (0.97-0.99) 

<.001 

Bystander-witnessed arrest 

No 

1 [Reference] 


1 [Reference] 

<.001 

Yes 

2.72 (2.02-3.66) 


2.75 (1.91-3.96) 

Shockable initial rhythm 

No 

1 [Reference] 


1 [Reference] 


Yes 

5.94 (4.41-8.00) 


8.37 (5.78-12.10) 


Location of arrest 

Residential 

1 [Reference] 

.07 

1 [Reference] 

.004 

Public 

1.41 (0.98-2.05) 

1.86 (1.22-2.83) 

Patient transported to cardiac 
receiving center 

No 

1 [Reference] 

.007 

1 [Reference] 

<.001 

Yes 

1.53 (1.12-2.09) 

2.23 (1.48-3.38) 


Table 3. Fitted Logistic Regression Model for Survival and Favorable Functional Outcome in Patients 
With Shockable Initial Rhythm 3 


Survival Favorable Functional Outcome 


Variable 

OR (95% Cl) 

P Value 

OR (95% Cl) 

P Value 

Phase 

PI 

1 [Reference] 


1 [Reference] 


P2 

1.70 (1.09-2.65) 


2.13 (1.28-3.56) 


Sex 

Male 

0.65 (0.40-1.07) 


0.53 (0.31-0.89) 

.02 

Female 

1 [Reference] 


1 [Reference] 

Age, 1-y increase 

0.97 (0.96-0.99) 

<.001 

0.98 (0.97-1.00) 

.01 

Bystander-witnessed arrest 

No 

1 [Reference] 


1 [Reference] 

<.001 

Yes 

2.33 (1.51-3.59) 


2.44 (1.51-3.95) 

Location of arrest 

Residential 

1 [Reference] 


1 [Reference] 

.002 

Public 

1.73 (1.07-2.79) 


2.27 (1.36-3.80) 

Patient transported to cardiac receiving 
center 

No 

1 [Reference] 


1 [Reference] 

.04 

Yes 

0.88 (0.56-1.40) 


1.75 (1.02-2.99) 


Abbreviations: OR, odds ratio: 
PI, phase 1; P2, phase 2. 


Abbreviations: OR, odds ratio; 

PI, phase 1; P2, phase 2. 

3 Twenty individuals (9 in phase 1 and 
11 in phase 2) with unknown 
Cerebral Performance Category 
score at discharge were excluded 
from the favorable functional 
outcome analysis. 


saving intervention, but its effectiveness declines rapidly with 
each minute after collapse of the patient. 27 This time element 
explains, in part, why chest compressions by lay rescuers can 
double the chance of survival from OHCA. 3,4,28 Despite de¬ 
cades of large-scale public CPR training aimed at imparting this 
skill, BCPR rates remain unacceptably low, and there are im¬ 
mense regional, socioeconomic, and racial disparities in both 
CPR provision and survival. 29 ' 31 The concept of prearrival TCPR, 
an intervention that has been shown to significantly improve 
both BCPR rates and survival, was first described in 1984 in 


King County, Washington. 32 ' 37 Today, the ubiquitous pres¬ 
ence of cell phones, along with the universal access to 9-1-1, 
presents a unique but underutilized opportunity to dramati¬ 
cally increase the frequency of BCPR and reduce the time to 
starting CPR. 9,38 

To our knowledge, this investigation is the first large- 
scale study of a TCPR program based on the latest guideline 
recommendations and implemented in multiple EMS 
systems. This project was associated with significant improve¬ 
ments in several important aspects of resuscitation care. 
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Table 4. Process Analysis 


Phase 3 




PI 

P2 


Variable 

(n = 738) 

(n = 1412) 

PValue b 


Telecommunicator knows TCPR indicated, No. (%) 


No 

226 (30.6) 

379 (26.8) 


Abbreviations: PI, phase 1; P2, phase 

Yes 

509 (69.0) 

1005 (71.2) 

.11 

2; TCPR, telephone cardiopulmonary 

Unknown 

3 (0.4) 

28 (2.0) 


resuscitation. 

TCPR instructions given, No. (%) 




3 Count (percentage) for binary 
variables and estimated median for 
the time to any event. 

No 

368 (49.9) 

612 (43.3) 


Yes 

369 (50.0) 

795 (56.3) 

.005 

b x 2 Test for the binary variables, with 

Unknown 

1 (0.1) 

5 (0.4) 


the unknown category excluded 
from the testing procedure. 

Log-rank 2-sample test 
(permutation form) based on scores 

Compressions started, No. (%) 




No 

412 (55.8) 

634 (44.9) 


Yes 

321 (43.5) 

746 (52.8) 

<.001 

by Sun 22 for time-to-event 
variables. 

Unknown 

5 (0.7) 

32 (2.3) 


Time to event, s c 




on nonparametric maximum 
likelihood estimate for the event 

Telecommunicator's recognition of the need for TCPR 

111 

99.5 

.02 

Start of TCPR instructions 

205 

179 

.004 

time distribution from 
interval-censored data using the 

First compression 

256 

212 

<.001 

self-consistent estimator. 


including increased TCPR rates (from 43.5% to 52.8%), a re¬ 
duction in the time to first bystander chest compression (from 
256 to 212 seconds), and, most important, a 31.8% relative in¬ 
crease in survival (from 9.1% to 12.0%) and a 42.8% relative 
increase in favorable functional outcome (from 5.6% to 8.3%). 
In addition, we found that BCPR (lay rescuer CPR performed 
whether TCPR instructions were given or not) increased from 
61.8% to 66.8%. While the proportions of BCPR in our study 
were slightly higher than those documented in some investi¬ 
gations, we believe that our method of using both 9-1-1 audio 
recordings and EMS first-care reports represents a more com¬ 
prehensive representation of the BCPR intervention than pre¬ 
vious use of either data source alone. 

These results suggest that the TCPR bundle, deliberately 
implemented and measured as part of a system-wide public 
health intervention, was an effective method to increase BCPR 
rates and survival on a large scale. This observation is a key 
finding because most previous work evaluating the effect of 
TCPR has been done in high-performance systems in the set¬ 
ting of strict research randomization protocols, where the in¬ 
vestigators were closely linked to the functioning of the local 
systems. 39 " 41 Therefore, our findings add momentum to the 
current literature by being implemented in the real world across 
a large number of EMS agencies and communities and thus may 
carry optimism that successful implementation is possible in 
typical EMS systems. 

Our findings highlight the benefit of using an existing 24/7 
telecommunication infrastructure and training a small num¬ 
ber of personnel. Therefore, we were able to deploy this strat¬ 
egy across a large metropolitan area with minimal incremen¬ 
tal cost. The improved outcomes in this study suggest that our 
approach to implementing a comprehensive TCPR program is 
a feasible, efficient, and cost-effective method to increase BCPR 
rates and improve outcomes after OHCA. 

In 2012, the American Heart Association 9 published its rec¬ 
ommendations for TCPR. Our aim was to fully implement these 


recommendations and measure the effect on outcomes in mul¬ 
tiple, diverse EMS jurisdictions. The results from this evalu¬ 
ation are consistent with previous prospective clinical 
studies 32 ' 35 evaluating the effect of implementing a struc¬ 
tured TCPR program within individual EMS systems with a 
single 9-1-1 center. In King County, Washington, Rea et al 32 
found an OR for survival to hospital discharge from TCPR of 
1.45 (95% Cl, 1.21-1.73) compared with no CPR. Tanaka et al 33 
observed that, when a TCPR program was implemented in con¬ 
junction with a continuous quality improvement program, 
BCPR rates increased from 41% to 56%, with an OR of 1.81 for 
improved survival with favorable functional outcome. In our 
analysis, the TCPR bundle (protocol, training, and continu¬ 
ous quality improvement program) was associated with sig¬ 
nificant improvements in survival (aOR of 1.47 and aRD of 
3.1%) and favorable functional outcome (aOR of 1.68 and 
aRD of 2.7%). 

Our study has some noteworthy differences from previ¬ 
ous reports. First, our investigation was carried out as part of 
a statewide public health cardiac resuscitation program de¬ 
signed to improve all facets of OHCA care. Second, unlike the 
previous observational investigations, we specifically col¬ 
lected, audited, and linked each 9-1-1 call with both EMS and 
hospital process data (eg, EMS intervals, postarrest targeted 
temperature management, and coronary angiography) and 
with outcomes. Third, this study demonstrated that it is fea¬ 
sible to measure and benchmark key TCPR metrics and use 
these data to improve TCPR process and outcomes. 

A limitation of our study is that, while it was a prospec¬ 
tive controlled study (before-after analysis), it was not a ran¬ 
domized clinical trial. We believe that randomization of TCPR 
is not ethical given the previous positive randomized clini¬ 
cal trials. However, even if it could be argued that equipoise 
still exists, it is clear that no 9-1-1 emergency dispatch sys¬ 
tems would consent to randomization after full disclosure 
of the extant evidence. While we controlled for all known 
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confounders, unknown risk factors could be responsible for our 
findings. Therefore, although we cannot prove that the out¬ 
comes resulted directly from the process improvements, they 
are biologically plausible and not explained by confounding due 
to measured risk factors. Because EMS systems vary widely and 
because Arizona has focused on resuscitation quality improve¬ 
ment since 2004, it is unknown if other EMS systems would fmd 
similar results. However, the fact that our study encompassed 
two 9-1-1 centers, 30 distinct EMS systems, and 22 hospitals ar¬ 
gues in favor of the idea that this approach and these findings 
are transportable to other diverse settings. 


Conclusions 

After implementation of a guideline-based, comprehensive, 
system-wide TCPR bundle of care, we observed an increase in 
telecommunicator CPR, a reduction in the time to first chest 
compression, and improved survival and functional out¬ 
come in patients with OHCA. The rates of survival and favor¬ 
able functional outcome increased significantly in the sub¬ 
group of patients who were initially seen with a shockable 
rhythm. 


ARTICLE INFORMATION 

Accepted for Publication: February 12,2016. 

Published Online: May 4,2016. 

doi:10.1001/jamacardio.2016.0251. 

Author Affiliations: Bureau of Emergency Medical 
Services & Trauma System, Arizona Department of 
Health Services, Phoenix (Bobrow, Mullins, 
Panczyk); Arizona Emergency Medicine Research 
Center, Department of Emergency Medicine, The 
University of Arizona, Phoenix (Bobrow, Spaite); 
Department of Emergency Medicine, Mayo Clinic, 
Jacksonville, Florida (Vadeboncoeur); Department 
of Epidemiology and Biostatistics, Mel and Enid 
Zuckerman College of Public Health, The University 
of Arizona, Tucson (Hu); Bureau of Tobacco and 
Chronic Disease, Arizona Department of Health 
Services, Phoenix (Tormala); The University of 
Arizona College of Medicine, Phoenix (Dameff); 
Maricopa Medical Center, Phoenix, Arizona 
(Dameff); Phoenix Fire Department, Phoenix, 
Arizona (Gallagher); Mesa Fire and Medical 
Department, Mesa, Arizona (Smith). 

Author Contributions: Dr Bobrow had full access 
to all the data in the study and takes responsibility 
for the integrity of the data and the accuracy of the 
data analysis. 

Study concept and design: Bobrow, Spaite. 
Vadeboncoeur, Tormala, Dameff, Panczyk. 
Acquisition, analysis, or interpretation of data: 
Bobrow, Spaite, Vadeboncoeur, Hu, Dameff, 
Panczyk. 

Drafting of the manuscript: Bobrow, Vadeboncoeur, 
Panczyk. 

Critical revision of the manuscript for important 
intellectual content: Bobrow. Spaite. Vadeboncoeur, 
Hu, Mullins, Tormala, Gallagher, Smith, Panczyk. 
Statistical analysis: Hu. 

Conflict of Interest Disclosures: All authors have 
completed and submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest. Drs 
Bobrow and Spaite reported university support 
from Medtronic Philanthropy involving community- 
based translation of resuscitation science. No other 
disclosures were reported. 

Additional Contributions: Paula R. Brazil, MA 
(Bureau of Emergency Medical Services & Trauma 
System, Arizona Department of Health Services), 
assisted in the writing and editing of the manuscript 
(without compensation). Mickey Eisenberg, MD, 
PhD, Thomas Rea, MD, MPH, and Cleo Subido (King 
County, Washington) provided study guidance. We 
are grateful to the 9-1-1 dispatch centers, 
emergency medical services agencies, and 
hospitals, whose collaboration made this project 
possible. 


REFERENCES 

1. Mozaffarian D, Benjamin EJ, Go AS, et al; 
American Heart Association Statistics Committee 
and Stroke Statistics Subcommittee. Heart disease 
and stroke statistics: 2015 update: a report from the 
American Heart Association [published correction 
appears in Circulation. 2015;131(24):e535]. Circulation. 
2015;131(4):e29-e322.doi:10.1161/CIR 
.0000000000000152. 

2. Kleinman ME, Brennan EE, Goldberger ZD, et al. 
Part 5: adult basic life support and cardiopulmonary 
resuscitation quality: 2015 American Heart 
Association Guidelines Update for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care. 
Circulation. 2015,-132(18)(suppl 2):S414-S435. 

3. Sasson C, Rogers MA, Dahl J, Kellermann AL. 
Predictors of survival from out-of-hospital cardiac 
arrest: a systematic review and meta-analysis. Circ 
Cardiovasc Qual Outcomes. 2010;3(1):63-81. 

4. Bobrow BJ, Spaite DW, Berg RA, et al. Chest 
compression-only CPR by lay rescuers and survival 
from out-of-hospital cardiac arrest. JAMA. 2010; 
304(13):1447-1454. 

5. Rea TD, Eisenberg MS, Becker LJ, Murray JA, 
Hearne T. Temporal trends in sudden cardiac arrest: 
a 25-year emergency medical services perspective. 
Circulation. 2003;107(22):2780-2785. 

6. Malta Hansen C, Kragholm K, Pearson DA, et al. 
Association of bystander and first-responder 
intervention with survival after out-of-hospital 
cardiac arrest in North Carolina, 2010-2013. JAMA. 
2015;314(3):255-264. 

7. Avalli L, Mauri T, Citerio G, et al. New treatment 
bundles improve survival in out-of-hospital cardiac 
arrest patients: a historical comparison. Resuscitation. 
2014;85(9):1240-1244. 

8. McNally B, Robb R, Mehta M, et al; Centers for 
Disease Control and Prevention. Out-of-hospital 
cardiac arrest surveillance: Cardiac Arrest Registry 
to Enhance Survival (CARES), United States, 
October 1,2005-December 31,2010. MMWR 
SurveillSumm. 2011;60(8):1-19. 

9. Lerner EB, Rea TD, Bobrow BJ, et al; American 
Heart Association Emergency Cardiovascular Care 
Committee; Council on Cardiopulmonary, Critical 
Care, Perioperative and Resuscitation. Emergency 
medical service dispatch cardiopulmonary 
resuscitation prearrival instructions to improve 
survival from out-of-hospital cardiac arrest: 

a scientific statement from the American Heart 
Association. Circulation. 2012;125(4):648-655. 

10. Graham R, McCoy MA, Schultz AM, eds; 
Committee on the Treatment of Cardiac Arrest: 
Current Status and Future Directions, Board on 


Health Sciences Policy, Institute of Medicine. 
Strategies to Improve Cardiac Arrest Survival: A Time 
to Act. Washington, DC: National Academies Press; 
2015. 

11. United States Census Bureau. QuickFacts: 
Arizona, http://quickfacts.census.gov/qfd/states 
/04000.html. Accessed October 14,2015. 

12. Bobrow BJ, Vadeboncoeur TF, Clark L, Chikani 
V. Establishing Arizona's statewide cardiac arrest 
reporting and educational network. Prehosp Emerg 
Care. 2008;12(3):381-387. 

13. Bobrow BJ, Clark LL, Ewy GA, et al. Minimally 
interrupted cardiac resuscitation by emergency 
medical services for out-of-hospital cardiac arrest. 
JAMA. 2008;299(10):1158-1165. 

14. Bobrow BJ, Ewy GA, Clark L, et al. Passive 
oxygen insufflation is superior to bag-valve-mask 
ventilation for witnessed ventricular fibrillation 
out-of-hospital cardiac arrest. Ann Emerg Med. 
2009;54(5):656-662.el. doi:10.1016/j.annemergmed 
.2009.06.011. 

15. Bobrow BJ, Vadeboncoeur TF, Stolz U, et al. The 
influence of scenario-based training and real-time 
audiovisual feedback on out-of-hospital 
cardiopulmonary resuscitation quality and survival 
from out-of-hospital cardiac arrest. Ann Emerg Med. 
2013;62(l):47-56.el. doi:10.1016/j.annemergmed 
. 2012 . 12 . 020 . 

16. Vadeboncoeur T, Stolz U, Panchal A, et al. Chest 
compression depth and survival in out-of-hospital 
cardiac arrest. Resuscitation. 2014;85(2):182-188. 

17. Spaite DW, Bobrow BJ, Stolz U, et al; Arizona 
Cardiac Receiving Center Consortium. Statewide 
regionalization of postarrest care for out-of-hospital 
cardiac arrest: association with survival and 
neurologic outcome. Ann Emerg Med. 2014;64(5): 
496-506.el. doi:10.1016/j.annemergmed.2014.05 
.028. 

18. Vadeboncoeur T, Bobrow BJ, Clark L, et al. The 
Save Hearts in Arizona Registry and Education 
(SHARE) program: who is performing CPR and 
where are they doing it? Resuscitation. 2007;75(1): 
68-75. 

19. United States Census Bureau. QuickFacts: 
Maricopa County, Arizona. http://quickfacts.census 
.gov/qfd/states/04/04013.html. Accessed October 
14,2015. 

20. Dameff C, Vadeboncoeur T, Tully J, et al. 

A standardized template for measuring and 
reporting telephone pre-arrival cardiopulmonary 
resuscitation instructions. Resuscitation. 2014,85 
(7):869-873. 

21. Jacobs I, Nadkarni V, Bahr J, et al; International 
Liaison Committee on Resuscitation; American 


E8 JAMA Cardiology Published online May 4.2016 

Copyright 2016 American Medical Association. All rights reserved. 


jamacardiology.com 


Downloaded From: http://cardiology.jamanetwork.com/ by Paula Brazil on 05/05/2016 





Telephone CPR Program and Outcomes After Out-of-Hospital Cardiac Arrest 


Original Investigation Research 


Heart Association; European Resuscitation Council; 
Australian Resuscitation Council; New Zealand 
Resuscitation Council; Heart and Stroke Foundation 
of Canada; InterAmerican Heart Foundation,- 
Resuscitation Councils of Southern Africa; ILCOR 
Task Force on Cardiac Arrest and Cardiopulmonary 
Resuscitation Outcomes. Cardiac arrest and 
cardiopulmonary resuscitation outcome reports: 
update and simplification of the Utstein templates 
for resuscitation registries: a statement for 
healthcare professionals from a task force of the 
International Liaison Committee on Resuscitation 
(American Heart Association, European 
Resuscitation Council, Australian Resuscitation 
Council, New Zealand Resuscitation Council, Heart 
and Stroke Foundation of Canada, InterAmerican 
Heart Foundation, Resuscitation Councils of 
Southern Africa). Circulation. 2004,-110(21):3385- 
3397. 

22. Sun J. A non-parametric test for 
interval-censored failure time data with application 
to AIDS studies. Stat Med. 1996;15(13):1387-1395. 

23. R Core Team. R: A Language and Environment 
for Statistical Computing [computer program]. 
Vienna, Austria: R Foundation for Statistical 
Computing; 2015. 

24. Wood S, Scheipl F. gamm4: Generalized 
Additive Mixed Models Using mgcv and Ime4 
[computer program]. 2014. https://cran.r-project 
.org/web/packages/gamm4/index.html. Accessed 
March 24,2016. 

25. Fay MP, Shaw PA. Exact and asymptotic 
weighted logrank tests for interval censored data: 
the interval R package. JStatSoftw. 2010;36(2):i02. 

26. Gentleman R, Vandal A. Icens: NPMLE for 
Censored and Truncated Data [computer program]. 


R package version 1.42.0. https://www 
.bioconductor.org/packages/release/bioc/html 
/Icens.html. Accessed March 24,2016. 

27. Valenzuela TD, Roe DJ, Cretin S, Spaite DW, 
Larsen MP. Estimating effectiveness of cardiac 
arrest interventions: a logistic regression survival 
model. Circulation. 1997;96(10):3308-3313. 

28. Berg RA, Kern KB, Sanders AB, Otto CW, Hilwig 
RW. Ewy GA. Bystander cardiopulmonary 
resuscitation: is ventilation necessary? Circulation. 
1993:88(4, pt1):1907-1915. 

29. Nichol G, Thomas E, Callaway CW, et al; 
Resuscitation Outcomes Consortium Investigators. 
Regional variation in out-of-hospital cardiac arrest 
incidence and outcome. JAMA. 2008;300(12): 
1423-1431. 

30. Sasson C, Magid DJ, Chan P, et al; CARES 
Surveillance Group. Association of neighborhood 
characteristics with bystander-initiated CPR. N Engl 
J Med. 2012;367(17):1607-1615. 

31. Safdar B, Stolz U, Stiell IG, et al. Differential 
survival for men and women from out-of-hospital 
cardiac arrest varies by age: results from the OPALS 
study. Acad Emerg Med. 2014;21(12):1503-1511. 

32. Rea TD, Eisenberg MS, Culley LL, Becker L. 
Dispatcher-assisted cardiopulmonary resuscitation 
and survival in cardiac arrest. Circulation. 2001; 
104(21):2513-2516. 

33. Tanaka Y, Taniguchi J, Wato Y, Yoshida Y, Inaba 
H. The continuous quality improvement project for 
telephone-assisted instruction of cardiopulmonary 
resuscitation increased the incidence of bystander 
CPR and improved the outcomes of out-of-hospital 
cardiac arrests. Resuscitation. 2012;83(10):1235-1241. 


34. Song KJ, Shin SD, ParkCB, etal. 
Dispatcher-assisted bystander cardiopulmonary 
resuscitation in a metropolitan city: a before-after 
population-based study. Resuscitation. 2014;85(1): 
34-41. 

35. Vaillancourt C, Verma A, Trickett J, et al. 
Evaluating the effectiveness of dispatch-assisted 
cardiopulmonary resuscitation instructions. Acad 
Emerg Med. 2007;14(10):877-883. 

36. Carter WB, Eisenberg MS, Hallstrom AP, 
Schaeffer S. Development and implementation of 
emergency CPR instruction via telephone. Ann 
Emerg Med. 1984;13(9, pt 1):695-700. 

37. Eisenberg MS, Hallstrom AP, Carter WB, 
Cummins RO, Bergner L, Pierce J. Emergency CPR 
instruction via telephone. Am J Public Health. 1985; 
75(1):47-50. 

38. Kronick SL, Kurz MC, Lin S, et al. Part 4: 
systems of care and continuous quality 
improvement: 2015 American Heart Association 
Guidelines Update for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care. 
Circulation. 2015;132(18)(suppl 2):S397-S413. 

39. Rea TD, Fahrenbruch C, Culley L, et al. CPR with 
chest compression alone or with rescue breathing. 
N Engl J Med. 2010;363(5):423-433. 

40. Svensson L, Bohm K, Castren M, et al. 
Compression-only CPR or standard CPR in 
out-of-hospital cardiac arrest. N Engl J Med. 2010; 
363(5):434-442. 

41. Hallstrom A, Cobb L, Johnson E, Copass M. 
Cardiopulmonary resuscitation by chest 
compression alone or with mouth-to-mouth 
ventilation. N Engl J Med. 2000;342(21):1546-1553. 


jamacardiology.com 


JAMA Cardiology Published online May 4,2016 

Copyright 2016 American Medical Association. All rights reserved. 


Downloaded From: http://cardiology.jamanetwork.com/ by Paula Brazil on 05/05/2016 



